The aim of this study was to evaluate the impact of dredging activity to deepen the Port of Aratu on fish larvae assemblage structure. Samples were collected before, during and after dredging and at 6 sampling stations during both the flood and ebb tide (only during the dry season). Ichthyoplankton was collected through surface hauls using a bongo net with a 500μm mesh size. Oceanographic variables (temperature and salinity), water quality (dissolved oxygen and turbidity) and nutrients (ammonia and total phosphorus) were obtained simultaneously. During dredging, the lowest density of eggs and larvae, family richness and diversity were registered, with a subsequent recovery observed after dredging. Multivariate ordination showed the great differences between samplings, which demonstrated temporal variability in the distribution and abundance of ichthyoplankton in the port of Aratu (Bahia, Northeastern Brazil), in response to the seasonality of oceanographic characteristics of the water masses and changes in water quality, possibly associated with dredging activities.
INTRODUCTION
Global accessibility to ports and waterways is vital to the economic growth of coastal regions (Engler et al., 1991) . To meet this need, it is necessary for some ports to increase the depth of their access channels, docking and evolution basins to allow larger boats to the port areas. For this reason, dredging activities are conducted worldwide and involve the excavation of sediment, transport and subsequent disposal of dredged material at a given location (Patchineelam et al., 2008) .
Dredging is a necessity that if well managed, can result in positive aspects for development in coastal areas (Patchineelam et al., 2008) . However, despite its economic importance, dredging introduces potential impacts to the environment and is currently one of the main problems in coastal management (Borja et al., 2010) .
The most frequent dredging impacts on aquatic ecosystems include the capture of organisms by the dredge, modification in the benthic community and physical changes of the circulation patterns and currents. In addition, there is an increase in the concentration of suspended solids and turbidity, a reduction in light penetration, nutrient upwelling and organic matter and toxic substances present in the sediment that cause intense water quality changes (Armengol, 1998; Newell et al., 1998; Lewis et al., 2001; Wilber & Clarke, 2001) .
The impacts of dredging activity are worse in port areas because the marine environment of bays and estuaries, where the ports are located, usually function as receptors for contaminants from industrialization and urbanization of the adjacent coastal zone (Cundy et al., 2003; Taylor et al., 2004) . Thus, disturbing sediments in these areas often results in high levels of contamination, especially from heavy metals and hydrocarbons (Yeager et al., 2010) . In addition, high concentrations of nutrients and organic matter (Kennish, 1986) become available in the water column during dredging.
Studies involving planktonic communities and evaluating the effects of dredging in aquatic ecosystems have been conducted (Nayar et al., 2004; Veado & Resgalla, 2005; Wang et al., 2005; Li et al., 2007; Wu et al., 2008; Zhang et al., 2010) . In these studies, the planktonic organisms response changes that occur in the environment (Margalef, 1983) and can be utilized as an efficient tool for assessing the impacts of this activity. In northeastern Brazil, some studies evaluated the effects of dredging and the construction of ports on the survival and growth of organisms, including phytoplankton, zooplankton and Ichthyoplankton (Neumann et al., 1998; Koening et al., 2002; Silva et al., 2004) . Recently, Ferreira et al. (2012) evaluated the impact of dredging the port of Aratu, Todos os Santos Bay (Bahia) on the phytoplankton community.
The effects of dredging on fish eggs and larvae have been evaluated in several laboratory experiments and are mainly related to increased concentrations of suspended sediment and turbidity and changes in water quality (Auld & Schubel, 1978; Morgan et al., 1983; Boehlert & Morgan, 1985; Wilber & Clarke, 2001; Colby & Hoss, 2004; Lutz et al., 2012) . However, studies that address the effect of dredging on the structure of fish larvae assemblages are few (Jiang et al., 2008; Bezerra Jr. et al., 2011) and none have been conducted at Todos os Santos Bay.
The objective of this study was to monitor the ichthyoplankton assemblage adjacent to the port of Aratu, Todos os Santos Bay (TSB), Bahia, Brazil, before, during and after the dredging activity. The correlation between the fish larvae assemblage structure and oceanographic variables, water quality and nutrients was examined in an attempt to understand the possible effects caused by the dredging process.
MATERIAL AND METHODS

Study area
Todos os Santos Bay is the second largest coastal indentation of the Brazilian coastline, with an area of 1.086 km 2 . TSB is highly populated along its northern shore, where over 3 million people are devoted to fishing, agriculture and industrial activities (Lessa et al., 2001) . The salinity and temperature variations in the main section of TSB are due to the open marine influence (36.7 to 33.0 and 24°C to 30°C, respectively (Wolgemuth et al., 1981) .
This region is influenced by a tropical climate with well-defined dry (August to February) and wet (March to July) seasons, when it rains approximately 60% of the total annual precipitation (Pereira & Lessa, 2009) .
Aratu Bay is a small system that includes the bay itself and a 4 km long channel (Canal de Cotegipe) that connects the central part of the bay to the Port of Aratu in TBS (Fig. 1) . Aratu Bay is shallow, with an average depth of 1.8 m and a maximum width and length of 214 m and 4.1 km, respectively (Pereira & Lessa, 2009 ). The fluvial discharge from a small catchment area reaches the bay via two perennial rivers, Santa Maria and Cotegipe Rivers, which together have an estimated average annual discharge of 1.65 m 3 s -1 (CRA, 2000) . The wind field shows strong seasonality, blowing from E and SE in the dry season and S and SW in the wet season. The circulation inside TSB is mostly tidally driven and does not vary significantly throughout the year (Cirano & Lessa, 2007) . The tides are semidiurnal with currents in the bay, mainly bi-directional and stronger during the ebb tide in most of the bay (Lessa et al., 2001) .
In spite of the ecological and economic importance of the Aratu harbor, in the western section of Todos os Santos Bay, there is no published work ad- dressing communities of fish larvae; the only research on fish larvae assemblage structure addresses the influence of petroleum activities in the northern Todos os Santos Bay (Katsuragawa et al., 2011; Mafalda Jr. et al., 2008) near Aratu Bay.
Larval fishes are quite fragile and especially susceptible to environmental and water quality variations such that any environmental impact may be catastrophic to these populations (Katsuragawa et al., 2011) .
Sampling
The subsurface collections were made with a small speedboat at 6 sampling stations distributed along the Aratu harbor at Todos os Santos Bay (Bahia, Brazil) (Figure 1 ). Collections were made both in flood and ebb tides in February 2010 (before dredging), September 2010 (during dredging) and November 2011 (after dredging) and only during the dry season. The collections were made in flood and ebb tides, within 4 hour intervals, and were performed only with the objective of increasing the significance of the sampling. The stations depths presented a high amplitude that varied between 5 and 20m. Salinity and temperature were measured at each station using a refractometer and a thermometer, respectively. Water quality data (dissolved oxygen and turbidity) and nutrients (ammonia and total phosphorus) were collected at the subsurface (10 cm) with a Van Dorn bottle and analyzed in the laboratory according to SMEWW (2005) .
Ichthyoplankton was collected with a conical plankton net (500 µm mesh size) with a Hydrobios flowmeter attached to the net mouth. The hauls were horizontal at the subsurface and 5 minutes long, and the boat maintained an average speed of 2 kt (1 m.s -1 ). The samples were then placed in 500 ml polyethylene bottles and preserved in 4% neutralized formalin. The calculation of the volume of water filtered by the plankton net was conducted using the following formula: V=a.n.c, where: V=volume of filtered water (m 3 ); a=mouth area of the net (m 2 ); n=number of rotations during the hauls (rot); c=calibration factor of the flowmeter (m.rot -1 ). Identification of the larvae and young fish were determined at the minor possible taxonomic unit using the following literature, among others: Fahay (1983) , Leis & Remmis (1983) and Richards (2006) . The scientific nomenclature followed Nelson (1994) .
Statistical analysis
The density (organisms.100 m -3 ) was obtained from the quotient between the total number of eggs or larvae of fish obtained in each sample (N) and the volume of filtered water (V), using the following formula: N/100m 3 =(N/V) * 100. The relative abundance (%) was calculated according to the following formula: Ar=(Na*100)/NA, where Na is the total number of fish larvae of each family obtained in the sample and NA is the total number of fish larvae in the sample. The indices of richness (Margalef) , evenness (Pielou) and diversity (Shannon-Wiener) were estimated. The criteria adopted for determining the dominant families was a relative abundance greater than 100/S, where S is the number of taxa identified in the study.
The analysis of the temporal variability of the ichthyoplankton community and water quality was performed with a non-parametric Friedman ANOVA using Bioestat 5.0 software. Detrended Canonical Correspondence Analysis (DCCA) was used to investigate the environmental gradient. Because a linear gradient was found, we opted for Redundancy Analysis (RDA) to check through the ordination diagram of the main pattern of variation in the ichthyoplankton as related to the function of the oceanographic variables (Ter Braak, 1986) . The DCCA and RDA were calculated by the Canoco for Windows v. 4.5 (Ter Braak & Smilauer, 1998) . The RDA analysis was performed only with oceanographic variables that showed a statistically significant difference between samples (Friedman, p<0.05).
RESULTS
Oceanographic variables, water quality and nutrients
Despite all the sampling campaigns were carried out during the considered dry period (Pereira & Lessa, 2009) , the rain cycle differed from the expected during the study and the campaigns of dredging and post-dredging were performed in periods with high rainfall (INMET, 2012) .
The temporal variability of oceanographic variables (salinity and temperature), water quality (dissolved oxygen and turbidity) and nutrients (ammonia and total phosphorus) were studied.
The temperature showed higher values before the dredging, when it ranged between 29.1 and 33.9°C (average of 30.5ºC). During dredging, the temperatures were the lowest and ranged between 23.8 and 27.5°C (average of 26.2°C). After dredging, the temperature ranged from 27.1 to 30.8ºC (average of 29.2ºC).
The salinity was higher before the dredging, oscillating between 35.5 and 38.5 (average of 36.9). During dredging, salinity fluctuated between 30 and 35.5 (average of 34.4). After dredging, the smallest amplitude was observed, with values between 34 and 35 (average of 34.8).
The water had more oxygen prior to dredging, when the dissolved oxygen values were between 5.6 and 8.8mg.L -1 (average of 7.3mg.L -1
). During -and after -dredging values were lower, varying between 4.4 and 6mg.L -1 (average of 5mg.L -1 ) (dredging), and between 2.3 and 3.2mg.L-1(average 2.8mg.L -1 ) (after dredging). The turbidity presented a higher amplitude before dredging, varying between 2 and 11 NTU (average of 6.2 NTU). During dredging, the turbidity ranged between 1.8 and 9.4 NTU (average of 5.5 NTU), and after dredging, the lowest turbidity values were obtained, varying between 1 and 4.3 NTU (average of 3 NTU).
Before the dredging, the concentration of ammonia did not vary spatially (i.e., it was the same (0.2mg.L -1 (average of 0.045mg.L-1), almost 3 times higher than that before dredging. After dredging, there was a small reduction, and the concentrations were between 0.03 and 0.049mg.L -1 (average of 0.039mg.L -1 ). All of the variables analyzed showed a statistically significant difference (Friedman, p<0.05) between samples, with the exception of turbidity (p=0.1353) ( Table 1 ). The variability of the oceanographic variables (temperature and salinity) were more influenced by seasonality than dredging. Conversely, the variability of water quality (oxygen and turbidity) and nutrients (ammonia and total phosphorus) were more influenced by dredging.
Ichthyoplankton assemblage
A total of 261 larvae were captured throughout the study and belonged to seven Orders (Clupeiformes, Syngnathiformes, Beloniformes, Atheriniformes, Perciformes, Pleuronectiformes and Tetraodontiformes) and 17 families. Table 2 shows the total abundance, relative abundance and the number of larvae identified in each sampling.
Based on the "100/taxa number" criteria, 5 families were considered dominant in the study area and showed relative abundance more than 5.9% during the study (Blenniidae, Carangidae, Engraulidae, Gerreidae and Labrisomidae) (Table 1) . Together, these 5 families represented approximately 81.7% of the total abundance.
During sampling previous to dredging, 125 larvae, representing 48% of the total abundance, were captured, while during dredging, only 23 larvae (9%) were found, representing a great reduction in capture. During post-dredging sampling, abundance increased again, and 113 (43%) larvae were captured. In addition to a lower abundance of larvae, dredging also presented a smaller number of taxa. Among the 17 families identified, 13 were present previous to dredg-TABLE 1 -Averages of variables from each sampling and the results of Friedman's ANOVA (p) and Multiple Comparisons test of Dunn (p) were utilized to study the temporal variability of water quality during the study in the region adjacent to the port of Aratu, Todos os Santos Bay, Bahia (1, PRE: Pre-dredging; 2, DREDGE: Dredging; 3, POST: Post-dredging).
TABLE 2 -Abundance by campaign for pre-dredging (PRE), dredging (DREDGE), post dredging (POST), total abundance (TA) and relative abundance percentage (RA%) for each family of fish larvae produced during the study in the region adjacent to the port of Aratu, Todos os Santos Bay, Bahia.
ing, 8 during dredging and 13 during post-dredging. That is, pre-dredging and post-dredging presented greater fish larvae richness, with 76.7% of the identified larvae, while during dredging only 47.2% of the taxa were present.
The average number of families per sampling station was 4.9 during pre-dredging, 0.9 during dredging and 3.1 during post-dredging, varying significantly (Friedman, p<0.05) among the three campaigns.
Margalef richness, Shannon-Wiener diversity and Pielou evenness also varied significantly (Friedman, p<0.05) and showed lower values during dredging. The average value of the Margalef richness index was 3.9 during pre-dredging, 0.7 during dredging and 2.1 during post-dredging. The average value of the Shannon-Wiener index was 0.6 during pre-dredging, 0.1 during dredging and 0.3 during post-dredging. The Pielou evenness presented average values of 0.8, 0.1 and 0.5 during pre-dredging, dredging and postdredging, respectively (Figure 2) .
A significant reduction (Friedman, p<0.05) in the density of eggs and larvae was also observed during dredging. The average density of eggs (Figure 3 ), while during dredging, this value was 3.9 larvae.100m -3 . In regard to the average density of total larvae,the average density of the dominant families ( Figure 5 ) was also lower during dredging, with the exception of the family Engraulidae, which presented its highest average density during this campaign (2.2 larvae.100m -3 ). Carangidae and Gerreidae showed greater density during dredging, with 2.8 and 1 larvae.100m -3 , respectively, while the families Blennidae (7.1 larvae.100m -3 ) and Labrisomidae (2.4 larvae.100m -3 ) presented a higher density during post-dredging. Pre-dredging was the only campaign in which the density of the "other families" (7.5 larvae.100m -3 ) overcame the characteristic families (6.9 larvae.100m -3 ) (Figure 6 ). Only the Blennidae (Friedman, p=0.0109) and Carangidae families (Friedman, p=0.0221) showed significant differences between the campaigns for the average density of larvae.
Multivariate analysis
Detrended Canonical Correspondence Analysis (DCCA) was used to investigate the environmental gradient size. Because this was a linear gradient (1.430), we opted for Redundancy Analysis (RDA) to examine the ordination diagram and the primary pattern of variation in the community composition of fish larvae on the basis of oceanographic variables. This analysis was considered statistically significant because the Monte-Carlo test presented p=0.016 for the first axis and p=0.044 for the sum of all of the canonical axes. The multiple regression coefficients between the oceanographic variables (<0.7) obtained during the Redundancy Analysis indicate the absence of covariates (i.e., highly correlated variables). The ordination diagram (Figure 6 ) was constructed with the first two canonical axes of analysis of redundancy because they explained 92.1% of the accumulated percentage variation of the relationship between the Ichthyoplankton and water quality ( Table 3 ). The sum of the eigenvalues was 23.4 when the ideal is greater than 20% (Table 3 ). This result shows that approximately 23% of the variability in Ichthyoplankton composition was explained by the oceanographic environmental gradient.
In this ordination diagram (Figure 6 ), there was a very clear separation between sampling stations depending on the structure of the body of water (temperature and salinity) and its quality (oxygen, ammonia and total phosphorus) as well as the ichthyoplankton composition. The pre-dredging sampling stations showed higher temperature, salinity and oxygen values and were associated with the highest densities of Carangidae, Gerreidae and Engraulidae. Dredging sampling stations were related with higher ammonia and total phosphorus concentrations and low density and richness of larvae. Finally, post-dredging sampling stations were associated with high larval densities of the Blennidae and Labrisomidae families.
DISCUSSION
Oceanographic variables, water quality and nutrients
The salinity values indicate the presence of two distinct water masses during the study. During predredging, the presence of a tropical water mass was found and was a result of the narrow (approximately 10km long) continental shelf (Brandini et al., 1997 ) that advances towards the interior of the Todos os Santos Bay and reached the study area. This tropical water is part of the southward Brazil Current, which is characterized by salinity above 36 (Campos et al., 1995) . With a salinity of approximately 35, this coastal water was influenced by high rainfall and a consequent increase in the estuarine plume (Mafalda et al., 2004) , which was present during dredging and post-dredging sampling.
A pattern of thermal seasonality in the study area was observed, which was characterized by higher temperatures in February (pre-dredging) and lower temperatures in September (dredging) and November (post-dredging). This pattern was also observed in the North area of Todos os Santos Bay (Mafalda Jr. et al., 2003) and in the Bahia north littoral (Mafalda Jr. et al., 2004) . The higher temperature values (approximately 30°C) in Todos os Santos Bay occur in Figure 5 -The average density of characteristic fish larvae during pre-dredging (PRE), dredging (DREDGE) and post-dredging (POST) from the port of Aratu, Todos os Santos Bay, Bahia.
TABLE 3 -A summary of the redundancy analysis performed for the region adjacent to the port of Aratu, Todos os Santos Bay, Bahia.
January, February and March (Cirano & Lessa, 2007; Lessa et al., 2009) .
The concentration of dissolved oxygen recorded were occasionally lower than 6mg.L -1 , the minimum value recommended by the National Environmental Council for marine water and by CONAMA resolution 357 (CONAMA, 2005) . The dissolved oxygen showed higher values during the pre-dredging (a reflection of the presence of tropical water) and lower values during dredging and post-dredging (due to the presence of coastal water). In addition, it is possible that dredging activity mobilized sediment and the upwelling of organic matter and nutrients that caused a reduction in the oxygen levels in the water column.
Turbidity values were low throughout the study, and it was the only parameter that did not vary significantly between samples. In addition, the turbidity increase during dredging was verified by Beretta (2012) from the results of sediment and water quality monitoring developed together with this study; the turbidity ranged from 1.8 to 37.6mg.L -1 .
Ichthyoplankton assemblage
Significant differences were found between the periods for all structural indexes of the community with a large reduction in the density of eggs and larvae observed during dredging. In relation to pre-dredging, lower richness, diversity and evenness of taxa were observed, followed by a subsequent recovery, with growth in all of these structural indexes during post-dredging.
Bezerra Jr. et al. (2011) , in a study on the port area of Suape in Pernambuco, observed low densities of larvae in an area subjected to different rates of dredging activities. Silva et al. (2004) also observed a low abundance of zooplankton in this same area, which was attributed to the resuspension of sediment (and increased turbidity) by dredging activities (Neumann et al., 1998 ) that affect primary productivity by reducing light penetration (Koening et al., 2002) . When studying fish communities, Otero et al. (2006) and Queiroz et al. (2007) also found decreased richness and increased dominance of a few species caused by the dredging process.
Redundancy analysis showed a clear separation between the three campaigns, highlighting the importance of the water characteristics and quality in the variability of Ichthyoplankton.
The Ichthyoplankton in coastal waters is closely related to the system of currents and water masses present in the region, highlighting the importance of hydrological characteristics on its distribution (Vélez et al., 2005; Mafalda et al., 2006) . Furthermore, salinity and temperature has been shown as important variables that control the distribution and abundance of planktonic organisms (Mouny & Dauvin, 2002; Tackx et al., 2004; Strydom et al., 2003) .
Man-made disturbances, such as dredging, can lead to environmental and water quality changes, resulting in negative effects for people (Kingsford & Gray, 1996; Katsuragawa et. al., 2011) and affect- Figure 6 -An ordination diagram for redundancy analysis as related to the fish larvae assemblage with the oceanographic structure, water quality and nutrients in the port of Aratu, Todos os Santos Bay, Bahia (1, pre-dredging stations; 2, stations during dredging; 3, postdredging stations).
ing the distribution, abundance and composition of Ichthyoplankton, leading to changes in community structure (Whitfield & Paterson, 2003) .
The decrease in richness and the density of eggs and larvae of fish observed during the phase of dredging occurred simultaneously with increased density of phytoplanktonic organisms that were stimulated by the increased concentration of phosphorus and ammonia, as noted by Ferreira et al. (2012) . These results highlight the negative influence of dredging activity on the temporal variability of Ichthyoplankton density and richness, which is possibly related to eutrophication, with low levels of oxygen and pH and higher turbidity due to the suspension of nutrients. By studying the impact of dredging to deepen the Itajaí-Açu River in the area of the port of Itajaí, Abreu et al. (2008) observed an increase in the availability of nutrients, leading to changes in water quality and the structure of the zooplanktonic community.
According to Margalef (1983) , planktonic organisms respond quickly to environmental changes, as reflected in the composition and structure of these communities (Nogueira & Matsumura-Tundisi, 1996) . Thus, in the same way that these communities are quickly affected during dredging, they recover in a short time after dredging because the effects of dredging in the pelagic environment, although intensive, are generally short-lived.
The results of this study demonstrate a temporal variability in the composition and abundance of the fish larvae assemblage in the port of Aratu in response to oceanographic seasonality and changes of water quality and nutrients possibly stimulated by dredging activity.
